. Binding of endophilin to Ca 2ϩ channels was enhanced by over rectly demonstrate the existence of the endophilin-Ca 2ϩ channel complex, coIP was carried out using lysate pre-3-fold as Ca 2ϩ concentration was raised from 0 to 100 nM ( Figure 2C ). The optimal Ca 2ϩ concentration for forpared from adult rat brain. In agreement with the in vitro data, anti-␣ 1B antibody was able to precipitate endo2 mation of the endophilin-Ca 2ϩ channel complex was near 100-300 nM ( Figure 2C ). When Ca 2ϩ was 1 M or from the crude membrane fraction of the brain preparation ( Figure 1D Figure 4B ). For example, when the Ca 2ϩ level was independent signaling processes. Although endophilin does not contain any known Ca 2ϩ binding domains, the creased from 300 nM to 10 M, the normalized binding of D8 to NCF was significantly reduced, from 1,568.8 Ϯ Ca 2ϩ channel C terminus has an EF-hand (Babitch, 1990). To determine if this EF-hand was responsible for 264.0% to 90.9 Ϯ 7.8% (n ϭ 3, p Ͻ 0.01, Figure 4C ). D7, on the other hand, remained bound to the channel the Ca 2ϩ -dependent formation of the endophilin-channel complex, a mutant was generated with the entire C terminus even at 1 mM Ca 2ϩ ( Figures 4B and 4C ). Figure 4B) . A control peptide with prolines main weakened the interaction between endophilin and replaced by alanines had no effect ( Figure 5B ). Ca 2ϩ channels at Ca 2ϩ concentrations over 1 M. One To directly demonstrate that the SH3 domain interpossibility is that at high Ca 2ϩ levels, the SH3 domain acted with the PRD, pulldown assays were carried out might interact with another domain within endophilin, using the GST-fused SH3 domain (D6, Figure 3A ) and consequently preventing the formation of the endophithe GFP-tagged SH3-less mutants expressed in HEK lin-Ca 2ϩ channel complex. The prediction from such a 293 cells. At low Ca 2ϩ levels (0-300 nM), binding of the hypothesis was that the interaction between the SH3-SH3 domain to D4 was weak ( Figure 5C ). However, when less mutants and NCF should become sensitive to Ca (1.34 Ϯ 0.28 for D5, n ϭ 11; 1.88 Ϯ 0.44 for WT, n ϭ 9; channels (this study), the middle portion of endophilin is p Ͼ 0.3; Figures 7C, 7D, 7F, and 7G) . These results not known to interact with any other proteins directly or indicated that D5 (E264A) did not change the postsynapindirectly involved in synaptic transmission. D5 distic receptor properties. played a much higher affinity for Ca 2ϩ channels and the The effects of D5 (E264A) were further evaluated by binding was insensitive to Ca 2ϩ (Figures 3 and 4) . Hence, high frequency stimulations to produce short-term synthe mutant should bind selectively to Ca 2ϩ channels. In aptic depression as a result of depletion of the readily addition, the E264A mutation eliminated the possibility releasable pool of synaptic vesicles (RRP). If the primary of its interaction with endogenous endophilin through effect of D5 (E264A) was to impair SV endocytosis as the PRD (Figure 5E ). Preliminary tests showed that exsuggested by the imaging studies (Figure 6 ), we would pression of GFP-tagged D5 (E264A) was much better expect that at high frequency stimulations, short-term than D7 (E264A) in hippocampal neurons. Thus, introsynaptic depression would become more profound due duction of D5 (E264A) into hippocampal neurons should to impaired endocytosis in neurons transfected with D5 compete with the endogenous endophilin for associa-(E264A). To test this hypothesis, transfected neurons tion with Ca 2ϩ channels but would not carry out any were repetitively stimulated at 5 Hz (100 stimuli). As biological functions. Transient expression of D5 (E264A) expected, the EPSC amplitude in neurons transfected in hippocampal neurons did not affect formation of funcwith D5 (E264A) (n ϭ 7) decreased quickly and reached a significantly lower plateau ‫%02ف(‬ of the control) comtional synapses, as revealed by immunostaining of syn- The model depicts the interaction between the PRD and its SH3 domain within endophilin as intramolecular, but it is also possible that the interaction could be intermolecular.
(Qiagen) for poly-histidine-tagged (6ϫHis) proteins. GST-fusion
We propose that endophilin has two distinct modes 
